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beech-fir or oak forests are examined on several sites where 
they have been present for over 150 years. NIR spectra of 
surface soil coupled with a precise description of the vegetation 
show how accurate this new method can be. Further 
applications in paleosoils are expected. 
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Does Araucaria forest (C3) expansion on frequently burned 
grassland (C4) on the nonallophanic Andosols of the southern 
Brazilian highlands affect the chemical composition of soil 
organic matter (SOM)? Studying eight topsoils, we used the 
13C/12C isotopic signature to group SOM according to the 
source vegetation and 13C NMR spectroscopy, lignin analyses 
(CuO oxidation), and soil lightness detection to characterise the 
chemical structure of plants, organic surface layers, light organic 
fractions, and heavy organo-mineral fractions. 
Large proportions of aromatic C combined with low contents of 
lignin-derived phenols in the heavy fractions with C4 signature 
and grass-derived deeper horizons of Araucaria forest (C3) soils 
indicate the presence of charred grass residues in SOM. The 
increasing contributions of this material with depth may have led 
to the uncommon increase of C/N ratios with soil depth as well 
as to soil colour changes, because C4-derived heavy fractions 
are darker and show higher C/N ratios than those with C3 
signature. Plants have characteristic distributions of vanillyl, 
syringyl and cinnamyl units of lignin-derived phenols which are 
not found in the heavy organo-mineral fractions. Shrubs or trees 
(C3) are composed of larger alkyl-C and smaller O/N-alkyl C 
proportions compared to grasses (C4). This plant-specific 
difference is still found in heavy fractions. Forest soils show with 
increasing soil depths consistent changes of (alkyl C)/(O/N-alkyl 
C) ratios and 13C/12C isotopic signatures towards the values 
which are typical for grassland-derived SOM. This demonstrates 
the memory function of SOM composition for source vegetation. 
The chemical composition of SOM combined with the grouping 
according to 13C/12C isotopic signatures leads to differentiation 
of soils. Our results show that soils may preserve humus 
components from earlier vegetation and land use indicating that 
the knowledge of past vegetation covers is necessary to 
interpret SOM composition. 
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To quantify the impact of the different pedogenetic processes on 
pedogenesis, we propose to use rare earth elements (REE, 
atomic numbers 57 to 71) as tracers of these processes. This 
approach was applied onto old soils that developed into a calcitic 
limestone and that underwent successively decarbonatation, 
oxidative and reductive conditions, and eluviation/illuviation. 
In order to consider the impact of a single pedological process 
onto the soil evolution, an original REE normalizing approach is 
proposed. This approach is based on the classical pedological 
theory, which considers that a pedological feature results from 
the impact of a pedological process acting on the underlying or 
surrounding pedological material. 
Three pits were opened along an erosional toposequence of 
more or less truncated soils. All the horizons of the three soils 
and their underlying limestones were sampled. Limestones were 
experimentally decarbonated and initial and final REE-bearing 
minerals were identified by microsonde and X-ray diffraction 
analyses. Particle-size and mineralogical fractionations of the 
different pedological features were chemically extracted to 
determine, together with X-ray diffraction analyses, the 
speciation of REE. Mass balance calculations were achieved to 
quantify fluxes due to each process in the three solums. 
Our results illustrate the potential of REE as tracers, since each 
pedogenetic process acts differently on REE mobilization. 
Decarbonatation shows that a large amount of REE is released 
into soil solution. All REE are exported down slope into the 
seasonal water table, except Ce. This last element is enriched in 
the Fe-Mn concretions that are formed thanks to redox changes 
during water table fluctuations. When degradation, i.e. 
unfavorable redox conditions, begins, MREE are impoverished 
due to the dissolution of the Fe/Mn-(hydr)oxides cementing the 
finest soil fractions. Then preferential eluviation of some 
phyllosilicates induces a subsequent MREE impoverishment, 
while Ce is not affected. 
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The history of Europe may well be recorded in the landscape. 
Can traces of past land use be found in present-day soils? The 
archaeological site of St Martin du Mont, northwest of Dijon 
(Côte d’Or, France), is the remains of a hamlet from the Middle 
Ages, probably from the 14th to the beginning of the 15th century. 
Currently forested, the site was composed of two farms, with 
separate enclosures interpreted as vegetable gardens. Soils 
studied are calcisols exposed on a calcareous plateau. From 
archives and a concentric ring model of soil occupation, different 
types of land use have been identified and investigated: garden 
enclosures, long-term forest and long-term pastures. 
Chemical and isotopic investigations were performed on five soil 
profiles sampled through soil horizons. Pedological observations 
(colour, structure, texture) and chemical analyses (pH, organic 
carbon and nitrogen contents) do not establish differences 
between profiles, with the exception of the lack of calcareous 
gravels and stones in the two enclosures. Nitrogen isotopic 
analyses (∂15N), however, coupled with the carbon and nitrogen 
ratio (C/N) of total organic matter, show differences related to 
land use. Soils from long-term forest and long-term pasture 
show two parallel trends with increasing ∂15N values and 
decreasing C/N ratios related to depth profile. The two 
enclosures exhibit trends that are completely different, with 
higher ∂15N values and lower C/N ratios. A significant ∂15N shift 
is also observed in the subsoil of these enclosures. These trends 
are discussed in terms of the dynamics of organic matter, 
particularly its isotopic signature related to microbial 
degradation. These results are interpreted as a geochemical 
long-term impact of past agricultural activities, especially organic 
fertilization. The efficiency of isotopic studies of soil organic 
matter is confirmed as revealing former land use, even after 
seven centuries of disuse. 
 
 
